and emotion regulation-displayed an abnormally 'utilitarian' pattern of judgments on moral dilemmas (i.e. were more likely to sacrifice one person's life to save multiple other lives) [20, 21] and patients with antisocial behaviors displayed impairments in affective component of moral processing, without any impairments in their reasoning ability [22] .
Although the role of emotions in guiding moral behavior is now established, it is still unclear how the affective and cognitive components interact to influence moral action. While some researchers suggest a conflict between responses driven by affective and cognitive processes [11] , whereby each process favors a certain outcome (e.g. deontological vs. utilitarian inclinations), others argue that these judgments are predominantly driven by automatic, intuitive process, with deliberative reasoning only providing a post hoc justification of the decision [15] . While the debate on the complex interaction between affective and cognitive processes still continues, multiple dynamic models that attempt to capture the variety of situations that reflect real life moral encounters have also been introduced [10, 23, 24] .
Moving beyond the dichotomy of affect versus reason, these dynamic models have incorporated contextual modulations. They differentiated situations that require quick affect laden reactions (e.g. witnessing a situation that demand an immediate response) from situations which allow for decisions based on deliberative reasoning (e.g. responding to a moral dilemma scenario) [25] and underline the flexible use of many different component processes including basic perception [26] . These models have largely been supported by research investigating perceptual [27, 28] and attentional [29, 30] influences to moral behaviors. Providing support to this dynamic view of moral action, a recent meta-analysis of functional neuroimaging studies that compared neural activity associated with the passive viewing of morally laden stimuli to neural activity during moral decision making [31] demonstrated that tasks involving passive viewing of moral stimuli were associated with activation of emotional and visual association cortices, including the amygdala and ventral temporal brain regions. In contrast, tasks requiring active moral judgments and mental simulations to attribute mental states to others, engaged regions of the default network. These dissociable patterns of brain activity underlined the significance of specific contextual dynamics of moral processing, supporting the dynamic view of moral cognition.
Relying on the view that domain-general, large-scale intrinsic brain networks underlie the neural substrates of emotional, social, and cognitive phenomena [32] , Sevinc and colleagues further expanded the model by predicting that the salience/ventral attention network would be associated with the initial detection of moral content, while the subsequent modulation of downstream brain regions would be associated with the processing of morally relevant information [33] . In this model, the initial detection is presumed to be critical for moral action, especially in initiating a more context-specific and goal-directed processing of the moral content, marked by the engagement of default and fronto-parietal executive control networks [34] [35] [36] . In an fMRI investigation, they found evidence for this proposition and demonstrated that morally relevant information is detected automatically and tagged by regions of the salience network. In line with it's role in dynamic switching between internally and externally directed cognition [36] , the salience network involvement was succeeded by the engagement of default and frontoparietal control networks, potentially reflecting associative, integrative processes required for further processing of morally-relevant information.
Here we utilize this dynamic view of moral cognition to build a theoretical framework for the investigation of the relationship between mindfulness training and moral action. We propose that the heightened awareness of physiological and mental phenomena, attained through mindfulness meditation, may contribute to alterations in the processing of morally relevant information and promote moral action.
A neuroscientific framework for the investigation embodied ethics
Mindfulness meditation has primarily been studied within the context of psychological outcomes and/or in relation to it's potential to enhance cognitive abilities [37, 38] . Several researchers and Buddhist scholars, however, have underlined the joint nature of mindfulness and ethics; and mindfulness meditation's potential role in enhancing wholesome behaviors [39, 40] . In line with these assertions, investigations into the relationship between mindfulness and ethics have successfully demonstrated mindfulness training dependent improvements in moral reasoning ability [41, 42] , prosociality [43, 44] , as well as an association between trait levels of mindfulness and ethical decision making [45] . Improvements in prosociality have also been documented following other contemplative tradition based interventions such as compassion training [46, 47] .
Given the range of cognitive components that constitute moral cognition and the multiplicity of proposed mechanisms of action associated with mindfulness meditation [48, 49] , it is reasonable to hypothesize that multiple mechanisms including enhanced attentional capacity, interoceptive awareness, emotion regulation, and a change in perspective of the self synergistically contribute to enhanced moral action and prosocial behavior. Here we postulate that the dynamic model of moral cognition together with the distributed brain network perspective of mindfulness may provide a framework for the investigation of these multiple mechanisms through which mindfulness impacts ethical behaviors.
This distributed brain network perspective has already been employed to investigate neural correlates of mindfulness meditation. Researchers have successfully demonstrated default network engagement during mind wandering periods; the salience network engagement during the awareness of the mind-wandering, and the frontoparietal executive network engagement when disengaging from mind wandering and redirecting attention, with dorsolateral prefrontal cortex activity persisting into focused attention meditation [50, 51] . Underlying long-term changes following mindfulness training, the repeated engagement of these networks may lead to lasting adaptations within these networks and may modulate cognition via alterations in network functioning during non-meditative periods. In line with this proposition, long-term meditators exhibit increased resting state connectivity within the default network [52, 53] as well as in attentional networks, and between the attentional networks and medial frontal regions [54, 55] . Our model hinges on these findings and further posits that functional changes in these distributed brain networks may mediate alterations in moral processing, leading to ethical action [56] .
A crucial aspect of moral behavior is the initial detection of the moral-relevant situation (e.g. a person in pain). For social animals, such situations are by definition salient events that require regulation of behavior as well as one's homeostatic state. Mindfulness training may influence moral processing by enhancing available resources for this initial step, i.e. the detection of morally-relevant stimuli, mediated by enhanced activity in the salience network [57] . Central structures of this network include dorsal anterior cingulate and orbital frontoinsula, which have been associated with interoceptive, autonomic processing, while its limbic nodes including amygdala are associated with emotion, homeostatic regulation, and reward [57] .These regions have repeatedly been implicated in mindfulness meditation [58] [59] [60] [61] [62] [63] . Mindfulness training has been shown to augment contribution of interoception to perceptual experience as well [64] . In line with these findings and embodied nature of ethical action [56] , here, we propose that an enhanced awareness of and attention to morally-relevant internal and external cues, marked by enhanced salience network engagement, together with changes in its modulatory inputs to default and/or frontoparietal control networks may provide an excellent framework to investigate mechanisms that underlie changes in moral behavior following mindfulness training and for the study of embodied ethics. According to our model, the initial detection of moral content initiates a context-specific and goaldirected processing. These processes include self-related and regulatory processes, marked by the engagement of the default and frontoparietal control networks. The default network, especially its core regions, has been implicated in self-referential processing [65] , and default network activity coupled with the frontoparietal control network supports goal-directed cognition [35] . In line with our proposition, Weng and colleagues [46] demonstrated a relationship between activity in regions of the fronto-parietal executive control network during exposure to images depicting human suffering and altruistic behavior in an economic redistribution game. In line with our proposed model, they argued that an increased engagement of these regions following compassion training may reflect greater sustained attention and goal maintenance to help others, as well as an enhanced integration of external (such as others' suffering) and internal information (the goal to help), potentially leading to improvements in moral behavior.
It is important to distinguish between brief secular training programs that incorporate compassion or mindfulness meditation and long-term practitioners obtaining training from traditional Buddhist teachers. First, while there is some overlap between the proposed mechanisms of compassion and mindfulness meditation, each has been associated with different mechanisms of action [63] . Second, since ethics are a very prominent component of Buddhism, studies with long-term practitioners must take into account those practitioners' explicit efforts to become more ethical. Thus, a randomized controlled investigation of secular mindfulness training is essential to investigate how mindfulness in and of itself contributes to enhanced ethics. Such an investigation may validate the use of contemplative practices for catalyzing change at the interpersonal level and ultimately contribute to the development of better intervention programs to enhance moral and prosocial behaviors.
